1. Introduction
===============

Following a low glycaemic index (GI) diet can have health advantages \[[@B1-nutrients-04-01759]\]. There are reports of better glycaemic control \[[@B2-nutrients-04-01759]\], a reduction in total body fat, improved lipid profiles \[[@B3-nutrients-04-01759]\], and reduced risk of developing both diabetes \[[@B4-nutrients-04-01759]\] and cardiovascular disease \[[@B3-nutrients-04-01759]\]. A low GI diet has been demonstrated to reduce postprandial glucose levels, result in a vicarious higher fibre intake and an increased sense of satiety in healthy individuals \[[@B5-nutrients-04-01759]\].

In many instances lower GI food choices are more expensive than their more ubiquitous but higher GI equivalents. This has led to the perception that following a low GI diet is likely to be more expensive. The actual or perceived costs of food can sometimes be a disincentive to follow a diet \[[@B6-nutrients-04-01759],[@B7-nutrients-04-01759]\]. A recent systematic literature review supports the view that food price affects food choices \[[@B8-nutrients-04-01759]\].

Pregnancy is an important time for maternal nutrition and a critical time for fetal nutrition. The mother provides the total environment for the developing and growing fetus and this can also influence long term health outcomes \[[@B9-nutrients-04-01759]\]. Elevated maternal glucose levels are associated with adverse pregnancy outcomes \[[@B10-nutrients-04-01759]\] and lowering the glucose improves these outcomes \[[@B11-nutrients-04-01759],[@B12-nutrients-04-01759]\]. A low GI diet will result in babies that have a lower ponderal index and pregnancy outcomes with a lower proportion of large for gestational age (LGA) infants \[[@B13-nutrients-04-01759],[@B14-nutrients-04-01759],[@B15-nutrients-04-01759]\]. A low GI diet can also reduce the need for insulin use for women with gestational diabetes mellitus (GDM) without compromise of fetal outcomes \[[@B16-nutrients-04-01759]\].

To our knowledge, there has been no systematic examination of the costs of a low GI diet in general, and in pregnancy in particular. This study was designed to examine the costs of following a low GI diet in a group of otherwise healthy pregnant women.

2. Experimental Section
=======================

The subjects and data for this study were obtained from the Pregnancy and Glycaemic Index Outcomes (PREGGIO) study. The PREGGIO study (ACTRN12610000174088) is an ongoing randomised controlled trial of a low GI diet compared with "healthy" eating in pregnancy. This is a translational study following on the positive pregnancy outcomes obtained from a low GI diet in a group of women who were supervised to a degree not really feasible for routine care \[[@B13-nutrients-04-01759]\]. Women for the PREGGIO study are being recruited at Wollongong Hospital with an expectation that about 700 will participate. Major inclusion criteria for women participating in the PREGGIO study are: \<20 weeks gestation with a singleton pregnancy, age of ≥18 years, ability to read and understand a consent form and an ability to comply with the visit schedule. Major exclusion criteria include: known diabetes or previous gestational diabetes, women undertaking fad diets or with special dietary needs (e.g., coeliac disease, lactose intolerance), the presence of any serious medical conditions or using medications likely to alter body weight.

Pregnant women are being enrolled at 12--16 weeks of gestation. Women in the low GI group were individually counseled to adopt diets that contain carbohydrates with a low GI and that also meet the nationally recommended nutritional intakes for pregnant women (*i.e.*, the Nutrient Reference Values for Australia and New Zealand) and the recommendations of the Australian Guide to Healthy Eating. They are provided with a booklet that outlines the low GI carbohydrate foods and what constitutes a serving and how many servings are required to meet their nutrient requirements for pregnancy. During these sessions, cheaper low GI products and recipes were usually discussed with those individuals who appeared concerned about costs.

All women are seen by a research dietitian and have a three day food record (two weekdays and one weekend day) taken a week after enrolment, before randomisation, and also at around 36 weeks of gestation. All women are instructed on how to use food records and to estimate their food intakes using standard serving sizes with the assistance of food models and measuring displays. Food records are reviewed with the research dietitian, when presented at initial and final visits to clarify food ingredients, presentation (e.g., Fresh, frozen), amounts, cooking methods, and brands. Food records are entered into a customized database incorporating the Australian food composition tables and published GI values, using the scale in which glucose equaled 100 (FoodWorks Professional, Version 6, 2009; Xyris Software, Brisbane, Australia). Additional GI data is obtained from an online database \[[@B17-nutrients-04-01759]\].

The study herein reported was initiated at the beginning of May 2011. At that time, 205 women had been recruited into the PREGGIO study, of whom 85 women randomised to the low GI diet (and 89 in the healthy diet group) had completed their pregnancies.

For the purpose of this study, a random sample of 20 of the 85 subjects was selected using computer-generated random numbers. For a sample size of 20 there was an 80% chance of detecting an increase or decrease in cost of up to 25%. An increase in cost of more than 25% (equivalent to AUD 2.50) for a daily expenditure of AUD 10.00 was considered to be the minimum amount that would act as a disincentive. Food record data were analysed from the 20 women in the low GI group who had completed the PREGGIO study between February 2010 and May 2011. The adherence of women to the dietary advice was not assessed in the primary study and hence could not be considered in this sub-study.

A list of all foods reported in food records was constructed. The cost of the diet was estimated using an incident day technique, with the assumption that food costs on this day at a major supermarket chain (Woolworths) in a major regional city would provide a representation of average costs for the list of foods for the year. Prices of these food items were obtained from medium sized packages and were recorded in Australian dollars (AUD) as shown on Woolworths' shelf-price labels expressed in weight or volume, such as in g, kg or mL or per single food (e.g., one medium apple). When recording food prices, the price of branded products were used when given or the least expensive product for items was recorded when only a food category was given. In our method, sale prices were not considered and the standard price was used. A separate list was compiled for foods which were specified as being purchased outside, or were not available in the supermarket, and the cost of these foods were obtained on the same day. These included vegetables (e.g., Carisma™ potatoes), bakery and fast food purchased in other food outlets. The average cost of out of season fruits and vegetables, not present in the shop on the day, were determined with the cooperation of the supermarket manager of fruit and vegetables and a consensus by the dietitians (JC, SC, NL, CH). Other general assumptions included all slices, cakes, muffins were priced in the bakery section. If a mixed meal or a recipe was included then these were disaggregated into ingredients and placed into food groups and priced separately. A list of assumptions were complied for a number of foods and recipes and were then placed in categories based on the Australian Dietary Guidelines \[[@B18-nutrients-04-01759]\]. The recorded prices of the foods obtained on the day were then transferred into the food records for each subject. The cost (per g or mL or each) was determined for each foods consumed. The cost of each day was determined by the sum of the cost of foods consumed in the day and then the average cost over the 3 days was calculated for each person.

Basic descriptive and inferential statistical tests were performed using SPSS student version 19.0. (SPSS Inc., Chicago, IL). *t*-Tests were conducted to compare the sample to the population. The Wilcoxon rank-sum test was used to compare costs between the two groups before and after GI diet advice. A non-parametric test was utilised because we did not assume a normal distribution due to the small sample size. The level of significance was set at *p* \< 0.05.

The PREGGIO and related sub-studies was approved by the South Eastern Sydney Illawarra Area Health Service and University of Wollongong Human Research Ethics Committee.

3. Results
==========

The pre- and post-intervention three-day food records of all 20 randomly selected subjects were included in the final data analysis. By chance, all subjects were of a Caucasian background. No significant differences were found between the selected population when compared to that of the remainder ([Table 1](#nutrients-04-01759-t001){ref-type="table"}).

nutrients-04-01759-t001_Table 1

###### 

Characteristics of women in the low Glycaemic Index (GI) cost diet (*n* = 20) versus those in the Pregnancy and Glycaemic Index Outcomes (PREGGIO) study (*n* = 65).

                              Low GI advice Costing Study (*n* = 20)   Low GI advice PREGGIO study (*n* = 65)   *p* Value ^a^
  --------------------------- ---------------------------------------- ---------------------------------------- ---------------
  Age (years)                 30.6 ± 5                                 28.7 ± 4                                 0.11
  Ethnicity ^b^               100%                                     96%                                      
  Pre-pregnancy Weight (kg)   70.0 ± 14.1                              70.7 ± 16.8                              0.86
  BMI (kg/m^2^)               25.8 ± 6.5                               25.7 ± 6.1                               0.71
  Gravida                     2.1 ± 1.0                                2.4 ± 1.2                                0.34
  Parity                      0.7 ± 0.7                                0.8 ± 0.7                                0.64

^a^ *p* Value from *t*-test; ^b^ % expresses the proportion of women with Caucasian ethnicity.

The gestational age at the time of the first diet history was 15.9 ± 2.1 weeks. The final food records were taken at 36 ± 3.2 weeks. The changes in GI, dietary costs and energy intake before and after advice are shown in [Table 2](#nutrients-04-01759-t002){ref-type="table"}.

nutrients-04-01759-t002_Table 2

###### 

Glycaemic index (GI), average daily cost (AUD), cost per MJ (AUD/MJ) and daily energy intake (kJ) before initiating a low GI diet and at 36 weeks gestation. Values expressed as mean ± SD.

                                       Before GI advice       After 36 weeks       *p* Value
  ------------------------------------ ---------------------- -------------------- -----------
  **Glycaemic IndexRange**             55.1 ± 4.346.4--64.5   51.6 ± 3.942.0--59   0.003 \*
  **Daily Cost of Diet (AUD) Range**   9.1 ± 2.74.8--15.7     9.5 ± 2.14.8--14.2   0.52
  **Daily Cost per MJ (AUD/MJ)**       1.0 ± 0.3              1.1 ± 0.2            0.20
  **Daily Energy intake (kJ)**         9254 ± 1661            8617 ± 1852          0.16

\* *p* Value from *t*-test.

4. Discussion
=============

This study examined the changes made in both GI and food costs following nutrition education regarding both the quality and type of carbohydrate for pregnant women. At the end of their pregnancies the low GI dietary intervention, had a significant decrease of GI from 55.1 to 51.6, which was similar to the result of a previous study by Moses et al in a comparable population \[[@B13-nutrients-04-01759]\]. The GI was found to have a mean of 55.1 at the start of the study, which is lower than the average dietary GI being reported in Australia as between 56 and 58 \[[@B19-nutrients-04-01759]\]. This comparatively lower initial GI value may be attributed to an increase in the consumption of dairy, fruit and wholegrain products, which has been identified as the dietary changes commonly made by pregnant women \[[@B20-nutrients-04-01759],[@B21-nutrients-04-01759],[@B22-nutrients-04-01759]\]. Miller *et al.* \[[@B23-nutrients-04-01759]\] also identified a change in GI with participants with type 2 diabetes after receiving nutrition education, with a substantial change in the consumption of whole fruit, non-fat dairy products and vegetable fat. The change in food cost based on individual food groups was not examined. Our results also suggest that it is possible to lower dietary GI without incurring additional cost to the pregnant women. While, to our knowledge, there has been no previous studies relating to the cost of changing to a low GI diet following low GI diet advice, the literature related to costs and food choices is by no means consistent.

Cross sectional studies found higher energy diets cost less whereas lower energy diets cost more \[[@B8-nutrients-04-01759],[@B24-nutrients-04-01759],[@B25-nutrients-04-01759],[@B26-nutrients-04-01759],[@B27-nutrients-04-01759]\]. A market basket survey study by Jetter *et al.* \[[@B28-nutrients-04-01759]\] revealed healthier market baskets to be significantly more expensive, primarily due to higher costs of wholegrains, lean ground beef, and skinless poultry. Similarly, Drewnowski *et al.* \[[@B29-nutrients-04-01759]\] and other researchers have also revealed through cost analyses that diets rich in fat and sugar are more affordable than diets high in fruits and vegetables \[[@B25-nutrients-04-01759],[@B26-nutrients-04-01759],[@B27-nutrients-04-01759]\]. Many of these studies utilise cost per calorie (or mega joule) comparison which can cause a two thousand calorie diet of fruit and vegetables (low energy dense, high nutrient) to be more expensive than that composed of high fat, high sugar foods (energy dense, low nutrition).

Our study is more in line with the findings of longitudinal intervention studies, where dietary advice and intervention has been provided to specific groups. Mitchell *et al.* \[[@B30-nutrients-04-01759]\] who examined the food costs in low fat diets of obese children found that there was no significant difference in food costs between the low fat diet and a control group. Moreover, Rydén *et al.* \[[@B31-nutrients-04-01759]\] compared a Mediterranean diet to a standard Swedish diet and found no significant differences in non-energy adjusted costs between diets. Other researchers who have conducted cost benefit analyses of nutrition education programs have also found a significant decrease in spending after receiving nutrition education and advice \[[@B32-nutrients-04-01759],[@B33-nutrients-04-01759]\]. It has been suggested that the differences in findings, can be attributed to the longitudinal examination of the data, rather than cross sectional, suggesting that over time, different food choices and cooking methods may be adopted that allow for lower food costs \[[@B34-nutrients-04-01759]\]. In contrast, women in a UK study indicated that a low fat diet increased costs due to an increase of fruit and vegetables but attributed this to the purchase of more expensive organic foods. They also acknowledged that at least half of the participants stated that it wasn't difficult to eat healthily \[[@B26-nutrients-04-01759]\].

The purchase and consumption of products branded specifically as "low GI" is a factor which must be considered when examining the cost of following low GI dietary advice. While low GI products are available in many natural food sources, products developed and labelled as low GI such as low GI, Hi-Fibre breads may provide an easy choice for those following a low GI diet, and may incur additional costs. This finding was not found with our study, and could possibly be attributed to the support and nutrition advice provided on how to purchase low GI foods without the added expense. Similar findings have also been found with participants attending a healthy eating program who saved significantly more when receiving nutrition education when compared to a group that did not receive nutrition education \[[@B32-nutrients-04-01759]\]. Raynor *et al.* \[[@B33-nutrients-04-01759]\] also found that after families had received nutrition education that total daily food cost did not change at 6 months and decreased significantly at 12 months.

Limitations of our study must be considered when interpreting the findings. Three-day food records are susceptible to known biases. Our study also had to assume that all foods, unless specified otherwise, were purchased within the supermarket. Additionally, some foods such as out of season fruit and vegetables were unavailable on the day and had to be priced as an average price for that product. General assumptions were also made about recipes and the ingredients used in these recipes. As prices were recorded only on one day they may differ from original prices paid due to daily price fluctuations.

A supermarket cost analysis was conducted rather than using online supermarket websites, national retail/food price surveys, nutrient databases or shopping catalogues, to allow for the maximal variety of foods from the food records to be priced and to emulate the most realistic means of shopping amongst Australian women. A major supermarket in Wollongong was chosen as the location for the cost analysis as the price of a food basket in Wollongong has been identified to being close to that of the average price of a food basket across supermarkets located in five suburbs within the region \[[@B24-nutrients-04-01759]\]. However, prices obtained at Woolworths Wollongong may not necessarily be representative of food prices in other parts of Australia.

The participants of the PREGGIO study following the healthy rather than the low GI diet were not included in this study for cost analysis before and after dietary education, due to resource constraints. Although the GI did not significantly decrease in this group, we are unable to say whether food costs increased or decreased after seeing the dietitian for healthy eating education for pregnancy. However this is certainly an area for future research from the database of the major study.

5. Conclusions
==============

The study addresses a gap which exists in the current literature surrounding the monetary cost of changing to a low GI diet. This study found low GI dietary advice combined with dietary counseling resulted in significantly lowered dietary GI, with no significant change in monetary cost among randomly chosen participants of the PREGGIO study. Considering the interplay between price and value of infant and maternal health as major factors influencing food choice and dietary compliance, this result may have a positive impact on the acceptability and application of low GI dietary advice for pregnant women.
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